In the determination of the effect of heat or chemicals on a given suspension of bacteria it is usually assumed that the concentration of the disinfectant, if chemicals are used, the temperature and the time of exposure are the only factors involved. In the usual procedures the culture is heated or placed in contact with a disinfectant and after varying periods, portions of it are inoculated in agar or broth. These survival test cultures are incubated, usually at 37°C., for an arbitrary length of time, in most instances two days, when the results are read. It is not usually recognized that if another medium is used for the survival test or if a different incubation time is chosen the results may be significantly different. Other factors, such as the temperature of incubation after heating are probably also of importance.
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In this paper we shall deal with the effect of the incubation time on the results of the survival test and reserve a consideration of the nature of the media used for a following paper.
Some of the results reported in the literature are of interest. Eijkman (1908) , in obtaining data on the death rate of a strain of B. coli, observed that counts made after six days of incubation were distinctly higher than those made after two. The organisms were apparently "killed" in the first case in three minutes and in the second in five minutes. In another experiment, where counts were made after three and fifteen days, apparent sterility was obtained in the first count in the cultures made after five minutes of heating, while in terms of the second count, more than thirty- Experiments on the tubercle bacillus were performed by Oerskov (1925) with interesting results. A suspension was heated to 63°C. and portions transferred to Petroff's medium at five-minute intervals. The tubes were examined after one month and three months of incubation. Five tubes were made for each time interval. The results after one month of incubation of the survival test culture indicated some survival among the organisms heated for thirty minutes but none in the culture exposed for thirty-five minutes. After three months the forty-minute cultures were all positive. The forty-five-minute tubes were still sterile at this time. The author does not indicate how long an unheated culture required before its growth could be observed. The results, however, clearly indicate that thirty minutes of heating at 63°C. was sufficient to "kill" the culture if the thirty day results are considered alone, whereas the three-month record shows that the organisms were viable for an additional ten minutes. Delepine (1916) has reported experiments with milk containing tubercle bacilli which was heated and injected into guinea pigs. The unheated culture produced symptoms within two weeks. Milk The nature of the medium used for the survival test has some effect on the lag period. The observations of Lange (1923) on staphylococci disinfected with 0.4 per cent tricresol afford an interesting example of this. With horse meat broth, with or without glucose as the survival test medium, exposure to the I We have observed that once a colony has started to develop, it grows as rapidly as one from an unheated organism. The following observation is also suggestive. A typhoid suspension was heated for thirty minutes at 52oC. On plating, one colony developed after a lag of twenty-four hours. This was demonstrated to be typhoid by agglutination tests. On inoculation in broth the same maximum number of organisms developed as in the original unheated culture and the death curves for the two were almost identical. disinfectant for more than ten minutes caused a lag of more than twenty-four hours, while, with a serum broth, such a lag was absent up to fifty minutes of exposure. Miss Burke, working with botulinus spores, noted that the maximum germination times were dependent to some extent on the medium. For heated cultures incubated in sealed tubes of broth the time was 214 days. In agar the time was 201 days. If the broth tubes were layered with oil the maximum germination time was 426 days.
In order to account for the lag phenomenon Miss Eckelmann (1917) (1918) has advanced a rather ingenious theory. She supposes that in any suspension there are a small number of organisms with thick surrounding membranes. Handicapped by the membrane, such organisms grow very slowly. She assumes that the membrane also renders them more resistant, so that, after the application of heat to a suspension, the relative numbers of such organisms among the survivors increase, the proportion rising with prolonged heating. The theory serves to explain many of the facts but there are two factors which militate against its acceptance. In the first place, it is not clear why a thick surrounding membrane should render organisms less sensitive to heat. It can be calculated2 by Fourier's law of heat conduction that the time required for a ninety-nine per cent temperature equalization between the outside and inside of a cell through a membrane 1 micron thick would be less than 0.1 second, assuming the membrane to be such an extremely poor conductor as pine wood measured cross-grain. In the ordinary procedures a period of time of this magnitude would be of no significance. The second objection concerns the nature of the curves obtained. (fig. 1 ). The numbers in parenthesis are the actual plate counts.
On the twenty-four-hour plates there were in many cases small colonies which were rather pale in appearance. It is highly probable that in many cases small particles of precipitate in the media or imperfections in the glass of the petri dish were confused with these.
It will be noted that the increases are not very great in any case; but it is clear that, in general, the longer the heating the greater the percentage increase in the number of colonies from day to day. In most cases, also, the increase of the third count over the second is less than that of the second over the first. It will be noted also that the unheated cultures show an increase in count on prolonged incubation. For comparison the curves from Eijkman's figures are also plotted.
In another series of experiments a suspension of B. coli was heated in a special apparatus, which will be described in another place, for 0.2 second and rapidly cooled. The results are given in the table 2.3 It appears from these data that the higher the temperature the greater is the percentage of delayed colonies.
' I am indebted to Miss Marion Adkerson for help in obtaining these data.
Incubation for an additional twenty-four hours after the second day increased the counts very slightly. This agrees with our conclusions in the first experiments. From this description and an inspection of the data it will be noted that the longer the heating time the greater the difference between the one and two day counts. It is of interest to note that the counts of the second day give a curve more nearly approximating that of a monomolecular reaction. This may be readily seen from the "K" values given in the table and is particularly evident in the fifth transfer.
EXPERIMENTS WITH A SAPROPHYTIC TUBERCLE BACILLUS
The organism used in these experiments was an acid fast bacillus, which is said to have been derived from a virulent culture isolated by Koch. After many thousands of transplants it has become so well adapted to ordinary media that incubation overnight produces abundant growth.
Suspensions of this organism were made by grinding a few loopfuls in milk or broth and filtering. The suspensions were heated to 60°C. for varying periods of time. The survival test cultures were made by pouring or spreading 1 or 0.5 cc. on poured agar plates. The results of a typical experiment are given in table 4. It will be noted that the colonies developed from the unheated suspension in twenty-four hours. In forty-eight hours they had increased to such size that they became confluent and covered the plate. One minute of heating resulted in a few colonies which could not be counted because they were confluent. In another twenty-four hours many more had appeared and the original colonies had grown very large. In twenty-four hours no growth was observed on the plates made after five minutes of heating but In two other experiments in which the colonies were discrete and therefore could be counted, the results were as shown in table 5 .
The conclusions to be drawn from these experiments are similar to those which were suggested by the work on B. coli and the hemolytic streptococcus. In this case, however, the lag is considerably longer and the recovery of the organisms more gradual.
DISCUSSION
From the experiments reported in this paper it will be seen that heat may fail to affect an organism or may so change it that it fails to grow on a given medium or may produce visible growth only after the lapse of some time. The longer the exposure to a high temperature the greater the number of organisms partially injured. These results were found to be common to three widely different types of organisms so that they may be assumed-to have a general application. In addition, the data on B. coli showed that, the lower the temperature, the smaller the difference between the number of organisms apparently killed and the number showing lag.
The If the bacterial cell were composed of a definite number of identical molecules it would not be difficult to account for the facts, particularly those observed in connection with the lag period. Such a picture can hardly be a true one, however. As an alternative we may make the assumption that there exist in the bactrial cell, among the various types of molecules, a number (not necessarily all of one kind) which may be looked upon as a measure of the organism's life and that as these are destroyed or removed the organism is brought progressively nearer death. In order to obtain a picture in concrete terms, we might think of the molecules of the bacterial enzymes as being the units in question. There is some evidence for such being the case, but a consideration of the theory must be left for another place.
SUTMMARY
Suspensions of B. coli, a streptococcus and a saprophytic tubercle bacillus were heated for various periods of time at fixed temperatures and plated on agar. The colonies developing were counted after one, two, three or more days. There was an increase in the counts from day to day, the greatest relative increases occurring in the plates made from cultures heated the longest. The greatest increases in counts occurred with B. coli and the streptococcus between twenty-four and forty-eight hours. The results with the saprophytic tubercle bacillus showed a more gradual recovery of the organism, the counts increasing up to four days. In the case of B. coli heated to different temperatures, it was found that, the higher the temperature, the greater was the relative number of delayed colonies. Unheated cultures usually developed their maximum numbers in twenty-four hours.
